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a  b  s  t  r  a  c  t

This study  was  conducted  to investigate  the  effects of  in  ovo  administration  of  selenium
(Se)  incorporated  into  hydrolyzed  soybean  protein  (B-Taxim  [BT])  on protection  against
experimental  avian  necrotic  enteritis  (NE). Broiler  eggs  were  injected  with either  100  �l of
PBS alone  (BT0),  or 20 or 40 �g/egg  of BT  in PBS  (BT20,  BT40)  at 18  days  of  embryogene-
sis.  On  day 14  post-hatch,  the  chickens  were  uninfected  or orally  infected  with  1.0  ×  104

oocysts  of Eimeria  maxima  (E.  maxima).  On  day  18  post-hatch,  E.  maxima-infected  chickens
were  orally  infected  with  1.0 × 109 CFU of  Clostridium  perfringens  (C. perfringens).  Com-
pared  with  untreated  and  infected  BT0  controls,  BT20  and/or  BT40 birds  showed  increased
body  weights,  decreased  fecal  shedding  of E.  maxima  oocysts,  lower  serum  �-toxin  and
NetB levels,  increased  levels  of  serum  antibodies  against  C.  perfringens  �-toxin  and  NetB
toxin, decreased  levels  of  serum  malondialdehyde,  reduced  serum  catalase  and  superoxide
dismutase  catalytic  activities,  and  increased  intestinal  levels  of  gene  transcripts  encod-
ing interleukin  (IL)-1�,  IL-6, IL-8, and peroxiredoxin-6,  but  decreased  levels  of transcripts
for  catalase  and  glutathione  peroxidase.  Interestingly,  transcript  levels  for  inducible  nitric
oxide synthase  and  paraoxonase/arylesterase  2 were  decreased  in  the  BT20  group  and

increased in  the  BT40  group,  compared  with  BT0 controls.  These  results  indicate  that  in
ovo administration  of broiler  chickens  with  a  Se-containing  protein  hydrolysate  enhanced
protection  against  experimental  NE  possibly  by  altering  the  expression  of  proinflammatory
and  anti-oxidant  genes  and  their  downstream  pathways.
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1. Introduction

Selenium (Se) is an micronutrient for both human
and veterinary medicine. Published studies have sug-
gested that dietary Se deficiency alters cytokine and
chemokine expression during microbial infections (Beck
and Matthews, 2000). Se deficiency is associated with
impaired immune responses to infectious agents and
reduced anti-oxidant enzyme activities (Smith et al., 2011;
Wang et al., 2009a). In mammals, dietary Se supple-
mentation protected against bacterial endotoxin-induced
oxidative stress and regulated cytotoxic T lymphocyte
and natural killer cell activities (Sakaguchi et al., 2000;
Kiremidjian-Schumacher et al., 1994). An association
between altered dietary Se levels and the incidence of
infectious diseases has also been described in poultry
(Colnago et al., 1984; Larsen et al., 1997; Mahmoud and
Edens, 2005; Gabrashanska et al., 2007).

Reactive oxygen species (ROS) induce lipid peroxidation
to generate malondialdehyde (MDA), an in vivo biomarker
of oxidative stress (Del Rio et al., 2005; Stancliffe et al.,
2011). Superoxide is a major intracellular ROS whose lev-
els are controlled by superoxide dismutase (SOD), a key
anti-oxidant enzyme that prevents superoxide from reac-
ting with critical cellular targets. A phytonutrient, Agaricus
brasiliensis polysaccharide, inhibited lipid peroxidation and
significantly lowered increased SOD activity in a rat model
of reperfusion injury (Zhang et al., 2010). In Se-deficient
mice or chickens, MDA  levels in blood were increased,
and SOD, catalase (CAT), and glutathione peroxidase 7
(GPx7) levels were increased compared with feeding a
normal Se diet (Wang et al., 2009a; Peng et al., 2012).
Conversely, dietary Se supplementation decreased MDA
content, improved hepatic CAT and GPx7 activities, and
regulated cytokine gene expression in mice infected with
Listeria monocytogenes, compared with normal Se controls
(Wang et al., 2009a).

Necrotic enteritis (NE) and avian coccidiosis are impor-
tant infectious diseases in commercial poultry production,
both resulting in field outbreaks with substantial mortality
(Lee et al., 2011a,b,c; Van Immerseel et al., 2009). NE alone
costs the international poultry industry approximately 2
billion U.S. dollars annually as a consequence of medica-
tion and reduced body weight (Cooper et al., 2009; Van der
Sluis, 2000). Both enteric diseases have traditionally been
controlled by prophylactic in-feed antibiotics (Shirley and
Lillehoj, 2012). The incidence of Clostridium perfringens-
associated NE has increased worldwide in the last decade
primarily due to decreased use of antibiotic growth pro-
moters and antimicrobials. Recent interest, therefore, has
focused on the development drug-free disease control
strategies (Seal et al., 2013). Dietary supplementation with
and in ovo administration of natural nutrients and phy-
tochemicals have been reported to enhance post-hatch
poultry growth, promote early gut development, improve
immune status, and prevent pathogen infections (Foye
et al., 2007; Lee et al., 2010, 2013; Tako et al., 2005). While

dietary Se supplementation of chickens has been shown to
enhance protective immunity to some enteric pathogens
(Colnago et al., 1984; Larsen et al., 1997; Mahmoud and
Edens, 2005; Gabrashanska et al., 2007), the potential of
logy 206 (2014) 115–122

in ovo Se in reducing negative effects of avian NE has not
been investigated yet. Therefore, the current study was
undertaken to evaluate the effects of a commercial Se
supplement, B-Taxim Se, on protective immunity against
experimental avian NE and to correlate this effect with
markers of gut inflammation and anti-oxidant enzymes.

2. Materials and methods

2.1. B-Taxim Se

B-Traxim Se (BT) (Pancosma S.A., Geneva, Switzerland)
was  formed by the incorporation of inorganic Se within
soybean protein that is subsequently hydrolyzed to give a
commercial product specifically designed for animal feed-
ing. BT contains 1.1% (wt/wt) Se metal content.

2.2. In ovo injection

All experiments were approved by the USDA, Agricul-
tural Research Service Institutional Animal Care and Use
Committee (IACUC). Embryonated eggs of inbred broiler
chickens (Moyer’s Chicks, Inc., Quakertown, PA) were incu-
bated at 37.5 ◦C with a relative humidity of 55–60% for
18 days and candled to select well-developed embryos. At
18 days, eggs were injected with 100 �l of sterile phos-
phate buffered saline (PBS, pH 7.4) alone (BT0), or 20 or
40 �g/egg of BT in PBS (BT20, BT40) using an Intelliject sys-
tem (Avitech, Easton, MD). The doses of BT were chosen
based on unpublished, preliminary results demonstrat-
ing significant anti-oxidant and immune effects without
apparent toxicity. Briefly, each egg was cleaned and pos-
itioned in a holder under an injection needle with the large
end on top. With the help of a vacuum system, a disinfected
needle penetrated the shell past the air cell to deliver the
inoculums into the amniotic cavity. After each inoculation,
the needle was  disinfected to minimize the risk of infec-
tion. In addition, the system was  designed to avoid negative
pressure inside of the egg, thus reducing the risk of cross-
contamination (Lee et al., 2010). Following in ovo injection,
the eggs were incubated at 36 ◦C with 60–65% relative
humidity until hatch. Hatched chickens were continuously
fed ad libitum with a basal diet containing 0.1 mg/kg Se for
20 days and were maintained in a temperature-controlled
environment at 30 ◦C for the first 2 days of growth, followed
by a gradual reduction in the temperature to 23 ◦C until end
of the experiment. Se concentrations in BT solutions and
the basal diet were analyzed as described (AOAC, 2000)
using an inductively coupled plasma-mass spectrometry
(ICP-MS) system (7500 series, Agilent, Santa Clara, CA).
Powder samples were dissolved by microwave digestion
(MicroPrep Q2000, Questron Technologies Corp., Missis-
sauga, Ontario, Canada) using a mixture of hydrofluoric,
nitric, and perchloric acids (Merck, Whitehouse Station,
NJ). Se concentrations were determined using external cal-
ibration curves.
2.3. NE disease model

Chickens (20/group) were kept in brooder pens in an
Eimeria-free facility for 14 days post-hatch and transferred
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nto large hanging cages (2 birds/cage) at a separate
ocation where they were infected with Eimeria max-
ma and C. perfringens and kept until the end of the
xperimental period. To facilitate the development of NE,
irds were fed an antibiotic-free certified organic starter
iet (USDA/FeedMill, Beltsville, MD)  containing 17% crude
rotein and 61% carbohydrate between days 1 and 18 post-
atch and a standard grower diet containing 24% crude
rotein and 54% carbohydrate between days 18 and 24
ost-hatch. Chickens were uninfected or orally infected on
ay 14 with E. maxima strain 41A (1.0 × 104 oocysts/bird)
nd on day 18 with C. perfringens strain Del-1 (1.0 × 109

olony forming units [CFU]/bird) as described (Jang et al.,
012; Lee et al., 2012, 2013; Park et al., 2008). The Del-1
train has been used in the NE disease model and expresses
he �-toxin and NetB toxin (Lee et al., 2013).

.4. Body weights, gut lesion scores, and fecal oocyst
hedding

Body weights (n = 20/group) were measured on days
 and 14 (prior to E. maxima infection), and on day 20
day 6 post-infection with E. maxima and day 2 post-
nfection with C. perfringens) (Lee et al., 2011b, 2013).
or gut lesions, birds (n = 5/group) were euthanized and
acrificed by cervical dislocation at day 2 post-infection
ith C. perfringens.  Two equal intestinal sections of 10 cm

ocated anterior and posterior to the diverticulum were
ollected and scored on a scale of 0 (none) to 4 (high)
n a blinded fashion by three independent observers as
escribed (Lee et al., 2013). For the determination of
ecal oocyst shedding, birds (n = 15/group) were placed
n oocyst collection cages and fecal samples were col-
ected between days 19 and 24 as described (Lee et al.,
012). Oocyst numbers were determined using a McMas-
er chamber according to the formula: total oocysts per
ird = oocyst count × dilution factor × (fecal sample vol-
me/counting chamber volume)/2.

.5. Serum ˛-toxin and NetB toxin levels and antibodies
o ˛-toxin and NetB toxin

Blood samples (n = 5 birds/group) were collected by car-
iac puncture immediately following euthanasia at days 2
nd 6 post-infection with C. perfringens to determine the
evels of �-toxin or NetB toxin in serum and also to measure
he serum Ab levels against �-toxin or NetB toxin. All serum
amples were prepared by centrifugation at 3000 rpm for
0 min  at 4 ◦C to remove blood clots.

To measure serum toxin levels, antigen capture assay
ethod which we described previously was used (Lee

t al., 2013, 2014). Capture mAb  detecting �-toxin or
etB toxin which were developed by ARS-USDA were
oated at 0.5 �g/well in 96 well ELISA plates overnight
t 4 C. The plates were blocked and washed, and ELISA
as carried out as previously described (Lee et al.,

013, 2014). Chicken sera were diluted 1:2 in PBS-

, 100 �l added to the wells and incubated for 2 h
t room temperature. The plates were washed with
BS-T, and 100 �l/well of peroxidase-conjugated anti-a-
oxin or NetB toxin detection antibodies were added
logy 206 (2014) 115–122 117

and incubated for 30 min  followed by development with
3,3′,5,5′-tetramethylbenzidine substrate as described (Lee
et al., 2013, 2014). Optical densities at 450 nm were mea-
sured and serum a-toxin or NetB toxin concentrations were
determined using a standard curve generated with known
concentrations of each purified recombinant protein.

Serum IgG antibody levels against two  enterotoxins,
�-toxin and NetB toxin, were measured by an indirect
enzyme-linked immunosorbent assay (ELISA) as described
(Lee et al., 2013; Jang et al., 2012). Ninety-six well
microtiter plates were coated overnight with 1.0 �g/well
of purified recombinant �-toxin or NetB toxin proteins
which were expressed in Escherichia coli as previously
described (Lee et al., 2012). The plates were washed
with PBS containing 0.05% Tween 20 (PBS-T) and blocked
with PBS containing 1% bovine serum albumin. Serum
samples were diluted 1:100, 100 �l was  added to each
well, incubated with agitation for 2 h at room temper-
ature, and washed with PBS-T. Bound antibodies were
detected with peroxidase-conjugated rabbit anti-chicken
IgG secondary antibody and tetramethylbenzidine sub-
strate (Sigma, St. Louis, MO). Optical densities (OD)
were measured using a microplate spectrophotometer
(ELx800TM, BioTek, Winooski VT). Each data in the infected
groups expresses OD value after subtracting OD of the base-
line data obtained from non-treated and uninfected control
broiler chickens.

2.6. MDA levels, and CAT and SOD activities

Blood samples (n = 5 birds/group) were collected by car-
diac puncture immediately following euthanasia at day
2 post-infection with C. perfringens for determination of
serum MDA levels, and CAT and SOD activities. Serum MDA
levels were measured using a commercial kit (Life Science
Specialties, Vancouver, WA). Serum CAT and SOD activities
were measured using the Catalase Activity Assay Kit (Cell
Biolabs, San Diego, CA) and SOD determination kit (Sigma),
respectively.

2.7. Cytokine/chemokine and anti-oxidant gene
transcript levels

On day 2 post-infection with C. perfringens, 20-cm seg-
ments of the intestinal jejunum located proximal to the
Meckel’s diverticulum were collected (Lee et al., 2013)
using 5 birds per group. The jejunum was  cut open lon-
gitudinally, gently washed with ice-cold Hank’s Balanced
Salt Solution (Sigma), and the mucosal layer was care-
fully removed using a cell scraper. Total RNA was extracted
using TRIzol (Invitrogen, Carlsbad, CA). Five micrograms of
total RNA were treated with 1.0 U of DNase I and 1.0 �l
of 10× reaction buffer (Sigma) and incubated for 15 min
at room temperature. One microliter of stop solution was
added to inactivate DNase I, and the mixture was  heated
for 10 min  at 70 ◦C. RNA was  reverse-transcribed using
the StrataScript first-strand synthesis system (Stratagene,

La Jolla, CA) according to the manufacturer’s recom-
mendations. Quantitative RT-PCR oligonucleotide primers
for chicken IL-1�, IL-6, IL-8, TNFSF15, inducible nitric
oxide synthase (iNOS), paraoxonase 2 (PON2), CAT, SOD,
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Table 1
Oligonucleotide primers used for quantitative RT-PCR.

Transcript Primer Primer sequence PCR product size (bp) GenBank accession no.

GAPDH Forward
Reverse

5′-GGTGGTGCTAAGCGTGTTAT-3′

5′-ACCTCTGTCATCTCTCCACA-3′
264 NM 204305.1

IL-1�  Forward
Reverse

5′-TGGGCATCAAGGGCTACA-3′

5′-TCGGGTTGGTTGGTGATG-3′
244 NM 204524.1

IL-6  Forward
Reverse

5′-CAAGGTGACGGAGGAGGAC-3′

5′-TGGCGAGGAGGGATTTCT-3′
254 NM 204628.1

IL-8  Forward
Reverse

5′-GGCTTGCTAGGGGAAATGA-3′

5′-AGCTGACTCTGACTAGGAAACTGT-3′
200 NM 205498.1

TNSSF15 Forward
Reverse

5′-CCTGAGTATTCCAGCAACGCA-3′

5′-ATCCACCAGCTTGATGTCACTAAC-3′
292 NM 01024578

iNOS  Forward
Reverse

5′-TGGGTGGAAGCCGAAATA-3′

5′-GTACCAGCCGTTGAAAGGAC-3′
241 U46504

PON2  Forward
Reverse

5′-ACGTGCACAGACACATCCAT-3′

5′-CGTGAGCCAGAACACTGAAA-3′
5592 NM 001201468.1

CAT  Forward
Reverse

5′-ACTGCAAGGCGAAAGTGTTT-3′

5′-GGCTATGGATGAAGGATGGA-3′
864 NM 001031215.1

SOD  Forward
Reverse

5′-ATTACCGGCTTGTCTGATGG-3′

5′-CCTCCCTTTGCAGTCACATT-3′
666 NM 205064.1

GPx7  Forward 5′-TCACCACCTTCAGAATGCAG-3′

TG-3′
223 NM 001163245.1

TC-3′

TTA-3′
Reverse 5′-TCCCAACTGGGAAATTCT
PRDX6 Forward

Reverse
5′-TTCACGAAGGATCTCCCA
5′-GGATGTGGAGGATTGGC

glutathione peroxidase 7 (GPx7), peroxiredoxin 6 (PRDX6),
and glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
as an internal control, are listed in Table 1. Amplification
and detection were carried out with the Mx3000P system
and Brilliant SYBR Green qPCR master mix  (Stratagene).
The reverse transcription product was diluted to 1:10, and
5 �l was used for PCR amplification. PCR conditions were
as follows: denaturation at 95 ◦C for 10 min  followed by
amplification at 72 ◦C for 1 min  for 40 cycles. Standard
curves were generated using log10 diluted standard RNA to
determine amplification efficiency and the levels of indi-
vidual transcripts were normalized to those of GAPDH by
the Q-gene program (Lee et al., 2013). Each sample was ana-
lyzed in triplicate. To normalize individual replicates, the
logarithmic-scaled threshold cycle (Ct) values were trans-
formed to linear units of normalized expression prior to
calculating means and SEM for the references and indi-
vidual targets, followed by the determination of mean
normalized expression using the Q-gene program.

2.8. Statistical analysis

Each sample was analyzed in quadruplicate. All data
were subjected to one-way analysis of variance using
SPSS 15.0 for Windows (SPSS Inc., Chicago, IL) and were
expressed as mean ± SEM. Mean values of treatment
groups were compared using the Tukey’s multiple com-
parison test and differences were considered statistically
significant at P < 0.05.

3. Results

3.1. Effect of in ovo BT on body weights, intestinal
lesions, and fecal oocyst shedding
BT injection did not affect embryo viability, hatchability,
or post-hatch sex ratio, and did not exhibit gross patho-
logic effects when used at the denoted concentrations (20
1276 NM 001039329.2

or 40 �g/egg). No significant differences in body weights of
chickens treated with BT0, BT20, or BT40 were seen on days
0 and 14 post-hatch and prior to infection (data not shown).
However, on day 20 post-hatch, chickens treated with
BT20 or BT40 and co-infected with E. maxima and C. per-
fringens exhibited increased body weights compared with
untreated and infected controls (BT0) (Fig. 1A). Indeed,
body weight among the BT20 and BT40 groups were equal
to those of the untreated and uninfected control group
(Cont) (Fig. 1A). Birds treated in ovo with Se and co-infected
with E. maxima and C. perfringens showed less depression
and diarrhea, and reduced intestinal lesion scores of 2.2
and 2.1 in BT20 and BT40 groups, respectively, compared
with 2.6 in the control BT0 (P > 0.05). However, there was
no mortality in any group during the experiment. Birds
which were treated with BT20 or BT40 and co-infected
with E. maxima and C. perfringens, also showed significantly
decreased fecal oocyst shedding compared with the BT0
group (Fig. 1B).

3.2. Effect of in ovo BT on serum ˛-toxin and NetB toxin
levels and serum antibodies to ˛-toxin and NetB toxin

Levels of �-toxin and NetB toxin in serum increased in
the NE infected groups (B0, B20, and B40) compared with
the non-supplemented and non-infected control group.
Feeding dietary Se (BT20 and BT40 groups) significantly
reduced both toxin levels in serum in NE-afflicted chick-
ens compared with the non-supplemented and infected
controls (Table 2).

Since serum antibodies against C. perfringens �-toxin
and NetB toxin have been suggested to play a protective
role during experimental NE (Keyburn et al., 2010; Lee
et al., 2012, 2013), we  assessed antibodies against both

enterotoxins in serum samples from untreated and BT-
treated chickens following NE induction. Higher serum
antibodies against a-toxin and NetB toxin were detected
in the chickens afflicted with NE compared with the
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Fig. 1. Effect of in ovo BT treatment on body weights and fecal oocyst
shedding. Broiler eggs were injected with 100 �l of PBS alone (BT0), BT20,
or  BT40 as described in Section 2. On day 14 post-hatch, chickens were
uninfected (Cont) or orally infected with 1.0 × 104 sporulated oocysts of
E.  maxima. On day 18 post hatch, E. maxima-infected chickens were orally
infected with 1.0 × 109 CFU of C. perfringens to induce Necrotic enteritis.
(A) Body weights were measured on day 2 post infection with C. perfrin-
gens (n = 20 birds/group). (B) Fecal oocysts were measured between days
19 and 24 post hatch.  Each bar represents the mean ± SEM value (n = 15
b
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n
g
g
(

This study was conducted to evaluate the effect of in

T
E

E
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w
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irds/group). Bars not sharing the same letters are significantly different
ccording to the Tukey’s multiple comparison test (P < 0.05).

on-supplemented and uninfected control. BT20 and BT40

roups showed higher serum antibodies against C. perfrin-
ens �-toxin and NetB toxin compared with the BT0 group
Table 2). However, the significant difference from BT0 in

able 2
ffect of in ovo BT on serum �-toxin and NetB toxin levels and serum antibodies a

Groups Toxin OD (ng/ml) 

�-Toxin NetB 

Control 0.08 ± 0.01 (0.3 ± 0.3)c 0.06 ± 0.01 (0
BT0 0.47 ± 0.01 (56.0 ±1.4)a 0.40 ± 0.01 (7
BT20 0.35 ± 0.02 (11.3 ±0.6)b 0.32 ± 0.02(1
BT40 0.36 ± 0.02 (13.9 ± 1.0)b 0.31 ± 0.02(1

ggs were injected with PBS alone (Control, BT0), BT20, or BT40, and chickens wer
ig. 1. Blood samples from 5 birds/group were collected on day 2 post-infection w
nd  NetB toxin by antigen capture ELISA. Serum antibody (Ab) levels to �-toxin
ith  C. perfringens (n = 5 birds/group) and each data in the infected groups were e

irds/group). Within each column, values with different letters are significantly d
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the serum antibody levels against C. perfringens �-toxin and
NetB toxin was  shown in BT20 group.

3.3. Effect of in ovo BT on serum MDA levels, and CAT and
SOD enzyme activities

A prior study demonstrated that a low Se diet increased
the levels of MDA  and decreased CAT activity in spleens of
broiler chickens (Peng et al., 2012). Therefore, we investi-
gated the effects of in ovo BT on these markers of oxidative
stress. Serum MDA  levels, and CAT and SOD activities
were increased by 73.5%, 42.8%, and 3.0%, respectively, in
untreated chickens following infection with E. maxima and
C. perfringens,  compared with untreated and uninfected
controls (Fig. 2). However, infected chickens treated with
BT20 or BT40 had significantly decreased levels of all three
markers of oxidative stress, compared with the BT0 group.
In the case of BT20, MDA  levels and CAT activity were equal
to those of the untreated and uninfected control group
(Cont), and in the case of BT40 CAT activity was even lower
than the Cont group.

3.4. Effect of in ovo BT on intestinal cytokine and
anti-oxidant enzyme gene transcript levels

Given the suppressive effect of in ovo BT on CAT and
SOD activities (Fig. 2), and the established protective role
of chicken cytokines and other markers of inflammation
and innate immunity during experimental NE (Jang et al.,
2012; Lee et al., 2013), we  next investigated the effect of in
ovo BT on intestinal cytokine and anti-oxidant enzyme gene
expression. Intestinal levels of transcripts encoding IL-1�,
IL-6, IL-8 and PRDX6 were increased in chickens treated
with BT20 and/or BT40, and co-infected with E. maxima and
C. perfringens, compared with the untreated and infected
BT0 group (Table 3). In contrast, mRNAs encoding CAT,
PON2, and GPx7 were decreased in the BT20 and/or BT40
groups, compared with the BT0 group. Other proinflam-
matory mediators were either unaffected by BT (TNFSF15,
SOD) or showed a mixed response.

4. Discussion
ovo treatment with BT as a Se supplement on protection
against experimental avian NE and NE-induced levels of
proinflammatory and anti-oxidant mediators in the gut.

gainst �-toxin and NetB toxin.

Ab titer OD

�-Toxin NetB

.1 ± 0.1)c 0.17 ± 0.01c 0.25 ± 0.02c

3.9 ± 1.4)a 0.33 ± 0.01b 0.47 ± 0.02b

2.8 ±0.6)b 0.55 ± 0.02a 0.65 ± 0.01a

1.6 ± 1.0)b 0.41 ± 0.03b 0.54 ± 0.02b

e co-infected with E. maxima and C. perfringens post-hatch as described in
ith C. perfringens and the sera were used to measure the levels of a-toxin

 or NetB toxin were measured by indirect ELISA on day 6 post-infection
xpressed as OD values. Each data represents the mean ± SEM value (n = 5
ifferent according to the Tukey’s multiple comparison test (P < 0.05).
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Table 3
Effect of in ovo BT on the levels of intestinal proinflammatory cytokine and anti-oxidant enzyme transcriptsA.

Transcript Control BT0 BT20 BT40

Necrotic enteritis

IL-1� 2.5E − 07 ± 4.1E − 08a 3.2E − 07 ± 3.9E − 08ab 6.7E − 07 ± 1.6E − 07c 6.0E − 07 ± 1.2E − 07bc

IL-6 0.08 ± 0.01a 0.10 ± 0.01a 0.15 ± 0.01b 0.15 ± 0.01b

IL-8 0.47 ± 0.02a 0.50 ± 0.07a 0.40 ± 0.05a 0.70 ± 0.05b

TNFSF15 3.8E − 04 ± 3.4E − 05a 1.2E − 03 ± 2.1E − 04b 9.7E − 04 ± 1.8E − 04b 1.2E − 03 ± 7.1E − 05b

iNOS 2.9E − 02 ± 3.3E − 04ab 2.4E − 02 ± 2.2E − 03b 1.7E − 02 ± 2.5E − 04c 3.1E − 02 ± 2.3E − 03a

PON2 4.4E − 11 ± 1.7E − 12a 1.8E − 10 ± 4.8E − 12b 1.2E − 10 ± 6.7E − 12c 6.1E − 10 ± 2.2E − 11d

CAT 0.025 ± 0.001a 0.017 ± 0.006a 0.006 ± 0.002b 0.003 ± 0.000b

SOD 0.06 ± 0.01a 0.08 ± 0.00a 0.07 ± 0.01a 0.07 ± 0.01a

GPx7 2.2E − 05 ± 8.4E − 06ab 4.2E − 05 ± 1.9E − 05a 2.3E − 06 ± 3.2E − 07b 1.5E − 05 ± 6.0E − 06ab

PRDX6 0.44 ± 0.01ab 0.29 ± 0.03c 0.36 ± 0.02bc 0.48 ± 0.05a

Eggs were injected with PBS alone (BT0), BT20, or BT40 and chickens were co-infected with E. maxima and C. perfringens as described in Section 2 using an
established protocol. On day 2 post-infection with C. perfringens, 20-cm segments of the intestinal jejunum located proximal to the Meckel’s diverticulum

ant enz
tly diffe
DH inte
were  used to measure intestinal proinflammatory cytokine and anti-oxid
birds/group). Within each row, values with different letters are significan

A Values represent mean ± SEM transcript levels normalized to the GAP

Compared with untreated eggs, embryos treated with BT
and co-infected post-hatch with E. maxima and C. perfrin-
gens showed (1) increased body weight, (2) reduced fecal
oocyst levels, (3) decreased serum �-toxin and NetB toxin
levels, (4) higher levels of serum antibodies against �-toxin
and NetB toxin, (5) decreased levels of serum MDA, as well
as CAT and SOD enzyme activities, (6) increased intestinal
levels of mRNAs encoding proinflammatory cytokines, and
(7) decreased levels of intestinal transcripts for CAT and
GPx7 anti-oxidant enzymes. These collective results sug-
gest that the in ovo administration of Se as the BT product
has an overall protective effect against experimental NE in
broiler chickens through its ability to modulate proinflam-
matory and anti-oxidant genes.

Both Se-treated groups (BT20 and BT40) exhibited
greater body weights compared with the BT0 untreated
control group, although there was no statistically signif-
icant difference between the two doses. Increased body
weight in the BT-treated and infected groups may  be
attributed to improved intestinal physiology allowing for
greater nutrient absorption, compared with the untreated
and infected BT0 control group. Similar activities were pro-
posed to account for the protective effect of dietary Se on
protective immunity against Eimeria infection in broiler
chickens (Colnago et al., 1984). Similarly, both the BT20
and BT40 groups showed significantly reduced fecal oocyst
shedding, a major criteria of Eimeria infection, compared
with the BT0 group. Furthermore, the groups treated with
BT showed decreased serum �-toxin and NetB toxin levels.
It may  be explained by the increased levels of antibodies
against C. perfringens �-toxin and NetB toxin in BT20 and
BT40 (Lee et al., 2013). However, interestingly, the signifi-
cant effect of BT treatment was found only in the BT20, but
not in BT40 chickens when compared to the untreated BT0
group. This lack of an effect on antibody levels at the higher
BT dose might be due to a concentration-dependent B cell
apoptosis, as has been reported for other trace elements
(Ibs and Rink, 2003).
MDA  is a reactive aldehyde that forms covalent protein
adducts, advanced lipoxidation end products, and its lev-
els are often used as a biomarker of oxidative stress (Moore
and Roberts, 1998; Del Rio et al., 2005; Farmer and Davoine,
yme transcript levels. Each data represents the mean ± SEM value (n = 5
rent according to the Tukey’s multiple comparison test (P < 0.05).
rnal control (n = 5 birds/group).

2007). MDA  is formed from polyunsaturated lipids by the
action of ROS, including hydroxyl radical ( OH), hydro-
gen peroxide (H2O2), superoxide radical (O2

−), and oxygen
(O2). ROS, in turn, are degraded by anti-oxidant enzymes,
such that a reciprocal relationship exists between MDA lev-
els and the levels/activities of anti-oxidants. CAT catalyzes
the decomposition of H2O2 to O2 and H2O, while SOD  cat-
alyzes the dismutation of O2

− into the same end products
(Gaetani et al., 1996). Corroborating the observations of this
study, Georgieva et al. (2007) reported increased MDA  lev-
els and decreased SOD activity in Eimeria tenella-infected
chickens, compared with uninfected controls. Oxidative
stress in mammals during infection by other members
of apicomplexan parasites (Toxoplasma gondii and Cryp-
tosporidium parvum) also has been associated with altered
levels of MDA  and/or anti-oxidant enzymes (Wang et al.,
2009b; Engin et al., 2012).

In addition to CAT and SOD, a wide array of other
anti-oxidant enzymes is responsible for maintaining nor-
mal  redox homeostasis. Among these, the GPx family
of multiple isozymes catalyzes the reduction of H2O2
or organic hydroperoxides to H2O or the correspond-
ing alcohols using reduced glutathione (GSH) as an
electron donor (H2O2 + 2GSH → GS − SG + 2H2O) (Fink and
Scandalios, 2002). GPx7 is a monomeric glutathione peroxi-
dase localized to the endoplasmic reticulum. Similar to the
diminution of CAT and SOD activities in serum following
BT20 or BT40 treatment of E. maxima/C. perfringens-
infected chickens, intestinal gene expression of GPx7 was
reduced in the BT20 group compared with the BT0 group.
The decreased serum MDA  and antioxidant enzyme activ-
ities in both BT20 and BT40 groups denoted that Se
supplementation clearly exerted a protective effect reduc-
ing oxidative stress induced by necrotic enteritis. These
results agree with Monteiro et al. (2009) and Betancor
et al. (2012) who  also reported that Se supplementation
induced lower MDA, CAT, and SOD activities. By contrast,
intestinal expression levels of PRDX6 transcripts, which

encodes a member of the thiol-specific anti-oxidant family
of proteins, was  higher in the BT40 group, but unchanged
in the BT20 group, compared with the BT0 group. Simi-
larly, PON2 gene transcripts were increased in the BT40
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Fig. 2. Effect of in ovo BT on serum MDA  levels, and CAT and SOD enzyme
activities. Eggs were injected with PBS alone (BT0), BT20, or BT40 and
chickens were uninfected (Cont) or co-infected with E. maxima and C. per-
fringens to induce necrotic enteritis as described in Fig. 1. Serum MDA
levels, and CAT and SOD enzyme activities were measured on day 2 post
i
(
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c
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N
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nfection with C. perfringens. Each bar represents the mean ± SEM value
n  = 5 birds/group). Bars not sharing the same letters are significantly dif-
erent according to the Tukey’s multiple comparison test (P < 0.05).

roup, but reduced in the BT20 group, compared with BT0
ontrols. Part of the augmented response observed in the
ase of PON2 may  be related to its known defense role in
esponse to pathogenic microorganisms, in addition to its
nti-oxidant activity (Teiber et al., 2008).

Increased levels of intestinal cytokines and chemokines
lay a critical protective role during experimental avian
E (Lee et al., 2011a,b,c, 2013). IL-1� and IL-6 are a
roinflammatory cytokines that regulates antibody and
ell-mediated immune responses to Eimeria infections
Hong et al., 2006; Lee et al., 2010). IL-8 is a CXC chemokine
hat attracts leukocytes, primarily neutrophils, to mucosal

ites of inflammation, while iNOS is induced by another
orinflammatoy cytokine, IFN-� (Hong et al., 2006). High

evels of the iNOS transcript were seen in the gut of
. maxima-infected chickens (Swaggerty et al., 2004). In
logy 206 (2014) 115–122 121

the current study, transcripts for the proinflammatory
cytokines examined were increased either by BT20 alone
(IL-1�), BT40 alone (IL-8), or both BT20 and BT40 (IL-6).
Future studies are needed to further test and compare the
effects of different Se-containing compounds on experi-
mental avian NE and other enteric diseases of importance
to the commercial poultry industry.

Acknowledgments

This study was partially supported by a formal Trust
agreement established between ARS, USDA and Pancosma
S.A. and by the project ‘Anti-asthma effect of Salvia ple-
beia R. Br. and Adenophora triphylla var. japonica (PJ009386)
of Rural Development Administration, Republic of Korea.
The authors thank Dr. Kyung Woo  Lee, Marjorie Nichols,
and Stacy O’Donnell for their scientific input and technical
assistance.

References

AOAC, 2000. Official Methods of Analysis, 17th ed. Association of Official
Analytical Chemists, Arlington, VA.

Beck, M.A., Matthews, C.C., 2000. Micronutrients and host resistance to
viral infection. Proc. Nutr. Soc. 59, 581–585.

Betancor, M.B., Caballero, M.J., Terova, G., 2012. Selenium inclusion
decreases oxidative stress indicators and muscle injuries in sea bass
larvae fed high-DHA microdiets. Br. J. Nutr. 108, 2115–2228.

Colnago, G.L., Jensen, L.S., Long, P.L., 1984. Effect of selenium and vitamin
E  on the development of immunity and coccidiosis in chickens. Poult.
Sci.  63, 1136–1143.

Cooper, K.K., Trinh, H.T., Songer, J.G., 2009. Immunization with recom-
binant �-toxin partially protects broiler chicks against experimental
challenge with Clostridium perfringens. Vet. Microbiol. 133, 92–97.

Del Rio, D., Stewart, A.J., Pellegrini, N., 2005. A review of recent studies on
malondialdehyde as toxic molecule and biological marker of oxidative
stress. Nutr. Metab. Cardiovasc. Dis. 15, 316–328.

Engin, A.B., Dogruman-Al, F., Ercin, U., Celebi, B., Babur, C., Bukan, N.,
2012. Oxidative stress and tryptophan degradation pattern of acute
Toxoplasma gondii infection in mice. Parasitol. Res. 111, 1725–1730.

Farmer, E.E., Davoine, C., 2007. Reactive electrophile species. Curr. Opin.
Plant Biol. 10, 380–386.

Foye, O.T., Ferket, P.R., Uni, Z., 2007. The effects of in ovo feeding arginine
�-hydroxy-�-methyl-butyrate, and protein on jejunal digestive and
absorptive activity in embryonic and neonatal turkey poults. Poult.
Sci. 86, 2343–2349.

Fink, R.C., Scandalios, J.G., 2002. Molecular evolution and
structure–function relationships of the superoxide dismutase
gene families in angiosperms and their relationship to other eukary-
otic and prokaryotic superoxide dismutases. Arch. Biochem. Biophys.
399, 19–36.

Gabrashanska, M.,  Galvez-Morros, M.,  Teodorova, S.E., Ermidou-Pollet,
S.,  Pollet, S., 2007. Effect of selenium and Ascaridia galli infec-
tion on antioxidant biomarkers in broiler chickens: a mathematical
model for parasite reduction and host growth. J. Helminthol. 81,
399–408.

Gaetani, G., Ferraris, A., Rolfo, M.,  Mangerini, R., Arena, S., Kirkman, H.,
1996. Predominant role of catalase in the disposal of hydrogen perox-
ide  within human erythrocytes. Blood 87, 1595–1599.

Georgieva, K., Szigeti, Z., Sarvari, E., Gaspar, L., Maslenkova, L., Peeva,
V., Peli, E., Tuba, Z., 2007. Photosynthetic activity of homoiochloro-
phyllous desiccation tolerant plant Haberlea rhodopensis during
dehydration and rehydration. Planta 225, 955–964.

Hong, Y.H., Lillehoj, H.S., Lillehoj, E.P., Lee, S.H., 2006. Changes in
immune related gene expression and intestinal lymphocyte subpopu-
lations following Eimeria maxima infection of chickens. Vet. Immunol.
Immunopathol. 114, 259–272.

Ibs, K.H., Rink, L., 2003. Zinc-altered immune function. J. Nutr. 133,

1452S–1456S.

Jang, S.I., Lillehoj, H.S., Lee, S.H., Lee, K.W., Lillehoj, E.P., Hong, Y.H., An,
D.J., Jeong, W.,  Chun, J.E., Bertrand, F., Dupuis, L., Deville, S., Arous,
J.B., 2012. Vaccination with Clostridium perfringens recombinant
proteins in combination with MontanideTM ISA 71 VG adjuvant

http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0005
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0005
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0005
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0005
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0005
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0005
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0005
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0005
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0005
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0005
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0005
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0005
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0005
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0010
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0010
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0010
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0010
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0010
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0010
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0010
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0010
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0010
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0010
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0010
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0010
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0010
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0010
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0015
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0015
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0015
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0015
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0015
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0015
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0015
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0015
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0015
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0015
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0015
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0015
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0015
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0015
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0015
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0015
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0015
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0015
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0015
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0015
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0015
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0015
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0015
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0020
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0020
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0020
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0020
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0020
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0020
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0020
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0020
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0020
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0020
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0020
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0020
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0020
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0020
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0020
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0020
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0020
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0020
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0020
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0020
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0020
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0025
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0025
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0025
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0025
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0025
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0025
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0025
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0025
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0025
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0025
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0025
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0025
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0025
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0025
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0025
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0025
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0025
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0025
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0025
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0025
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0025
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0025
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0025
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0030
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0035
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0035
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0035
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0035
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0035
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0035
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0035
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0035
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0035
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0035
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0035
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0035
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0035
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0035
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0035
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0035
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0035
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0035
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0035
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0040
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0040
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0040
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0040
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0040
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0040
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0040
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0040
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0040
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0040
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0040
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0045
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0050
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0055
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0055
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0055
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0055
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0055
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0055
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0055
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0055
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0055
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0055
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0055
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0055
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0055
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0055
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0055
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0055
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0055
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0055
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0055
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0055
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0055
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0055
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0055
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0055
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0055
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0055
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0055
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0055
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0055
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0060
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0060
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0060
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0060
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0060
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0060
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0060
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0060
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0060
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0060
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0060
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0060
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0060
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0060
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0060
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0060
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0060
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0060
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0060
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0065
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0065
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0065
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0065
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0065
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0065
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0065
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0065
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0065
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0065
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0065
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0065
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0065
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0065
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0065
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0065
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0065
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0065
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0065
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0070
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0070
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0070
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0070
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0070
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0070
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0070
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0070
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0070
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0070
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0070
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0070
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0070
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0070
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0070
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0070
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0070
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0070
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0070
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0070
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0070
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0070
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0070
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0070
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0075
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0075
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0075
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0075
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0075
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0075
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0075
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0075
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0075
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0080


Parasito

4,  e4628.
122 S.H. Lee et al. / Veterinary 

increases protection against experimental necrotic enteritis in com-
mercial broiler chickens. Vaccine 30, 5401–5406.

Keyburn, A.L., Bannam, T.L., Moore, R.J., Rood, J.I., 2010. NetB, a pore-
forming toxin from necrotic enteritis strains of Clostridium perfringens.
Toxin (Basal) 2, 1913–1927.

Kiremidjian-Schumacher, L., Roy, M.,  Wishe, H.I., Cohen, M.W.,  Stotzky,
G., 1994. Supplementation with selenium and human immune cell
functions. II. Effect on cytotoxic lymphocytes and natural killer cells.
Biol. Trace. Elem. Res. 41, 115–127.

Larsen, C.T., Pierson, F.W., Gross, W.B., 1997. Effect of dietary selenium on
the  response of stressed and unstressed chickens to Escherichia coli
challenge and antigen. Biol. Trace Elem. Res. 58, 169–176.

Lee, K.W., Lillehoj, H.S., Park, M.S., Jang, S.I., Ritter, G.D., Hong, Y.H., Jeong,
W.,  Jeoung, H.Y., An, D.J., Lillehoj, E.P., 2012. Clostridium perfringens
�-toxin and NetB toxin antibodies and their possible role in protec-
tion against necrotic enteritis and gangrenous dermatitis in broiler
chickens. Avian Dis. 56, 230–233.

Lee, K.W., Lillehoj, H.S., Jeong, W.,  Jeoung, H.Y., An, D.J., 2011a. Avian
necrotic enteritis: experimental models, host immunity, pathogen-
esis, risk factors, and vaccine development. Poult. Sci. 90, 1381–1390.

Lee, S.H., Lillehoj, H.S., Jang, S.I., Hong, Y.H., Min, W.,  Lillehoj, E.P., Yancey,
R.J.,  Dominowski, P., 2010. Embryo vaccination of chickens using a
novel adjuvant formulation stimulates protective immunity against
Eimeria maxima infection. Vaccine 28, 7774–7778.

Lee, S.H., Lillehoj, H.S., Jang, S.I., Lee, K.W., Bravo, D., Lillehoj, E.P., 2011b.
Effects of dietary supplementation with phytonutrients on vaccine-
stimulated immunity against infection with Eimeria tenella. Vet.
Parasitol. 181, 97–105.

Lee, S.H., Lillehoj, H.S., Jang, S.I., Lee, K.W., Park, M.S., Bravo, D., Lillehoj, E.P.,
2011c. Cinnamaldehyde enhances in vitro parameters of immunity
and reduces in vivo infection against avian coccidiosis. Br. J. Nutr. 106,
862–869.

Lee, S.H., Lillehoj, H.S., Jang, S.I., Lillehoj, E.P., Min, W.,  Bravo, D.M., 2013.
Dietary supplementation of young broiler chickens with Capsicum and
turmeric oleoresins increases resistance to necrotic enteritis. Br. J.
Nutr. 9, 1–8.

Lee, S.H., Lillehoj, H.S., Jeong, M.S., Del Cacho, E., Min, W.,  Sullivan, Y.B.,
Kakach, L., LaBresh, J.W., 2014. Development and characterization
of mouse monoclonal antibodies reactive with chicken TL1A. Vet.
Immunol. Immunopathol. 159, 103–109.

Mahmoud, K.Z., Edens, F.W., 2005. Influence of organic selenium on hsp70
response of heat-stressed and enteropathogenic Escherichia coli-
challenged broiler chickens (Gallus gallus). Comp. Biochem. Physiol.
C  Toxicol. Pharmacol. 141, 69–75.

Monteiro, D.A., Rantin, F.T., Kalinin, A.L., 2009. The effects of selenium on
oxidative stress biomarkers in the freshwater characid fish matrinxã,
Brycon cephalus (Günther, 1869) exposed to organophosphate insec-
ticide Folisuper 600 BR (methyl parathion). Comp. Biochem. Physiol.

C.  Toxicol. Pharmacol. 149, 40–49.

Moore, K., Roberts, L.J., 1998. Measurement of lipid peroxidation. Free
Radical Res. 28, 659–671.

Park, S.S., Lillehoj, H.S., Allen, P.C., 2008. Immunopathology and cytokine
responses in broiler chickens coinfected with Eimeria maxima and
logy 206 (2014) 115–122

Clostridium perfringens with the use of an animal model of necrotic
enteritis. Avian Dis. 52, 14–22.

Peng, X., Cui, H., Fang, J., Zuo, Z., Deng, J., Pan, K., Lai, W.,  Zhou, Y., 2012.
Low selenium diet alters cell cycle phase, apoptotic population and
modifies oxidative stress markers of spleens in broilers. Biol. Trace
Elem. Res. 148, 182–186.

Sakaguchi, S., Iizuka, Y., Furusawa, S., Tanaka, Y., Takayanagi, M.,
Takayanagi, Y., 2000. Roles of selenium in endotoxin-induced lipid
peroxidation in the rats liver and in nitric oxide production in J774A.1
cells. Toxicol. Lett. 118, 69–77.

Seal, B.S., Lillehoj, H.S., Donovan, D.M., Gay, C.G., 2013. Alternatives to
antibiotics: a symposium on the challenges and solutions for animal
production. Anim. Health Res. Rev. 23, 1–10.

Shirley, M.W.,  Lillehoj, H.S., 2012. The long view: a selective review of 40
years of coccidiosis research. Avian Pathol. 41, 111–121.

Smith, A.D., Botero, S., Shea-Donohue, T., Urban Jr., J.F., 2011. The
pathogenicity of an enteric Citrobacter rodentium infection is
enhanced by deficiencies in the anti-oxidants selenium and vitamin
E. Infect. Immun. 79, 1471–1478.

Stancliffe, R.A., Thorpe, T., Zemel, M.B., 2011. Dairy attenuates oxidative
and inflammatory stress in metabolic syndrome. Am.  J. Clin. Nutr. 94,
422–430.

Swaggerty, C.L., Kogut, M.H., Ferro, P.J., Rothwell, L., Pevzner, I.Y., Kaiser, P.,
2004. Differential cytokine mRNA expression in heterophils isolated
from Salmonella-resistant and -susceptible chickens. Immunology
113, 139–148.

Tako, E., Ferket, P.R., Uni, Z., 2005. Changes in chicken intestinal zinc
exporter mRNA expression and small intestinal functionality follow-
ing intra-amniotic zinc-methionine administration. J. Nutr. Biochem.
16, 339–346.

Teiber, J.F., Horke, S., Haines, D.C., Chowdhary, P.K., Xiao, J., Kramer, G.L.,
Haley, R.W., Draganov, D.I., 2008. Dominant role of paraoxonases
in  inactivation of the Pseudomonas aeruginosa quorum-sensing sig-
nal N-(3-oxododecanoyl)-l-homoserine lactone. Infect. Immun. 76,
2512–2519.

Van der Sluis, W.,  2000. Clostridial enteritis is an often underestimated
problem. World Poult. 16, 42–43.

Van Immerseel, F., Rood, J.I., Moore, R.J., Titball, R.W., 2009. Rethinking our
understanding of the pathogenesis of necrotic enteritis in chickens.
Trends Microbiol. 17, 32–36.

Wang, C., Wang, H., Luo, J., Hu, Y., Wei, L., Duan, M.,  He, H., 2009a. Sele-
nium deficiency impairs host innate immune response and induces
susceptibility to Listeria monocytogenes infection. BMC  Immunol. 10,
55.

Wang, C., Wu,  Y., Qin, J., Sun, H., He,  H., 2009b. Induced susceptibility
of host is associated with an impaired antioxidant system following
infection with Cryptosporidium parvum in Se-deficient mice. PLoS One
Zhang, S., He, B., Ge, J., Zhai, C., Liu, X., Liu, P., 2010. Characterization
of chemical composition of Agaricus brasiliensis polysaccharides and
its effect on myocardial SOD activity, MDA  and caspase-3 level in
ischemia-reperfusion rats. Int. J. Biol. Macromol. 46, 363–366.

http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0080
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0085
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0085
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0085
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0085
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0085
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0085
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0085
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0085
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0085
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0085
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0085
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0085
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0085
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0085
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0085
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0085
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0085
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0085
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0085
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0090
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0090
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0090
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0090
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0090
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0090
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0090
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0090
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0090
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0090
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0090
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0090
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0090
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0090
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0090
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0090
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0090
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0090
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0090
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0090
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0090
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0090
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0090
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0090
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0090
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0095
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0095
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0095
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0095
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0095
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0095
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0095
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0095
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0095
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0095
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0095
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0095
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0095
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0095
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0095
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0095
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0095
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0095
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0095
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0095
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0095
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0095
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0095
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0095
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0095
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0095
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0100
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0105
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0105
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0105
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0105
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0105
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0105
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0105
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0105
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0105
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0105
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0105
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0105
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0105
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0105
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0105
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0105
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0105
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0105
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0105
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0105
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0110
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0110
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0110
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0110
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0110
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0110
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0110
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0110
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0110
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0110
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0110
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0110
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0110
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0110
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0110
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0110
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0110
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0110
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0110
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0110
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0110
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0115
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0115
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0115
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0115
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0115
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0115
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0115
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0115
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0115
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0115
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0115
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0115
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0115
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0115
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0115
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0115
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0115
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0115
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0115
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0115
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0115
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0115
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0120
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0120
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0120
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0120
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0120
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0120
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0120
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0120
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0120
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0120
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0120
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0120
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0120
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0120
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0120
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0120
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0120
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0120
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0120
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0120
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0120
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0120
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0125
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0125
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0125
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0125
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0125
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0125
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0125
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0125
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0125
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0125
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0125
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0125
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0125
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0125
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0125
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0125
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0125
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0125
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0125
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0125
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0125
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0125
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0125
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0130
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0130
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0130
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0130
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0130
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0130
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0130
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0130
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0130
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0130
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0130
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0130
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0130
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0130
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0130
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0130
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0130
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0130
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0135
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0140
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0140
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0140
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0140
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0140
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0140
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0140
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0140
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0140
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0140
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0140
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0140
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0140
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0140
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0140
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0140
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0140
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0140
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0140
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0140
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0140
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0140
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0140
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0140
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0140
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0140
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0140
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0140
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0140
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0140
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0140
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0140
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0140
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0140
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0140
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0140
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0140
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0140
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0145
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0145
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0145
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0145
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0145
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0145
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0145
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0145
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0145
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0145
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0145
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0150
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0150
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0150
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0150
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0150
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0150
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0150
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0150
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0150
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0150
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0150
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0150
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0150
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0150
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0150
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0150
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0150
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0150
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0150
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0150
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0150
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0150
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0150
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0150
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0150
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0150
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0150
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0150
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0150
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0150
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0155
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0155
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0155
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0155
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0155
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0155
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0155
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0155
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0155
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0155
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0155
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0155
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0155
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0155
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0155
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0155
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0155
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0155
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0155
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0155
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0155
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0155
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0155
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0155
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0155
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0155
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0160
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0160
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0160
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0160
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0160
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0160
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0160
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0160
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0160
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0160
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0160
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0160
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0160
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0160
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0160
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0160
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0160
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0160
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0160
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0160
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0160
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0160
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0160
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0160
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0160
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0165
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0165
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0165
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0165
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0165
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0165
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0165
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0165
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0165
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0165
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0165
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0165
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0165
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0165
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0165
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0165
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0165
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0165
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0165
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0165
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0165
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0170
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0170
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0170
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0170
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0170
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0170
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0170
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0170
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0170
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0170
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0170
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0170
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0170
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0170
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0170
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0170
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0170
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0170
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0175
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0175
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0175
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0175
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0175
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0175
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0175
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0175
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0175
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0175
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0175
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0175
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0175
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0175
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0175
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0175
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0175
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0175
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0175
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0175
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0175
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0175
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0175
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0175
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0175
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0180
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0180
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0180
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0180
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0180
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0180
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0180
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0180
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0180
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0180
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0180
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0180
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0180
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0180
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0180
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0180
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0180
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0185
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0185
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0185
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0185
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0185
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0185
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0185
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0185
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0185
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0185
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0185
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0185
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0185
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0185
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0185
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0185
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0185
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0185
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0190
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0190
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0190
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0190
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0190
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0190
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0190
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0190
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0190
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0190
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0190
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0190
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0190
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0190
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0190
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0190
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0190
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0190
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0190
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0190
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0190
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0190
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0190
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0190
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0195
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0195
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0195
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0195
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0195
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0195
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0195
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0195
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0195
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0195
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0195
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0195
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0195
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0195
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0195
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0195
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0195
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0195
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0195
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0195
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0195
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0195
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0195
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0195
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0200
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0200
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0200
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0200
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0200
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0200
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0200
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0200
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0200
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0200
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0200
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0200
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0200
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0205
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0205
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0205
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0205
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0205
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0205
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0205
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0205
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0205
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0205
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0205
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0205
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0205
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0205
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0205
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0205
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0205
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0210
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0210
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0210
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0210
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0210
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0210
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0210
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0210
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0210
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0210
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0210
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0210
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0210
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0210
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0210
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0210
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0210
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0210
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0210
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0215
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0215
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0215
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0215
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0215
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0215
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0215
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0215
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0215
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0215
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0215
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0215
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0215
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0215
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0215
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0215
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0215
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0215
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0215
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0215
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0215
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0215
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0215
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0220
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0220
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0220
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0220
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0220
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0220
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0220
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0220
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0220
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0220
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0220
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0220
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0220
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0220
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0220
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0220
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0220
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0220
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0220
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0220
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0220
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0220
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0220
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0220
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0220
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0220
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0220
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0220
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0220
http://refhub.elsevier.com/S0304-4017(14)00552-4/sbref0220

	Immune and anti-oxidant effects of in ovo selenium proteinate on post-hatch experimental avian necrotic enteritis
	1 Introduction
	2 Materials and methods
	2.1 B-Taxim Se
	2.2 In ovo injection
	2.3 NE disease model
	2.4 Body weights, gut lesion scores, and fecal oocyst shedding
	2.5 Serum α-toxin and NetB toxin levels and antibodies to α-toxin and NetB toxin
	2.6 MDA levels, and CAT and SOD activities
	2.7 Cytokine/chemokine and anti-oxidant gene transcript levels
	2.8 Statistical analysis

	3 Results
	3.1 Effect of in ovo BT on body weights, intestinal lesions, and fecal oocyst shedding
	3.2 Effect of in ovo BT on serum α-toxin and NetB toxin levels and serum antibodies to α-toxin and NetB toxin
	3.3 Effect of in ovo BT on serum MDA levels, and CAT and SOD enzyme activities
	3.4 Effect of in ovo BT on intestinal cytokine and anti-oxidant enzyme gene transcript levels

	4 Discussion
	Acknowledgments
	References


